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(54) Method and apparatus for cementing a well ;

(57) A method of cementing a well permitling a re-
duction in the degree of diameter reduction of casing or
liners required, and not requiring excessively large initial
conductor casing, is described. The method is charac-
terized by provision of an enlarged wellbore and a novet
liner structure which is adapted lor expansion of a re-
duced diameler section therect downhole. providing,
bafora expansion of the section. unimpeded fiow of fluid
trom the enlargad wellbore during cemanting and close
it of the expanded section with the casing or preceding
liner, after cementing is completed and expansion of the
section. A novel well liner structure and novel well liner
expansion means are disclosed.
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Description

This invention relates 1o a method and an apparatus
useful in well cementing operations.

In the conventional drilling of a well. such as an ol
well, a series of casings and/or tiners are cormmonly in-
stalled sequeniially in the wellbore or borehole. In stand-
ard praclice, each succeeding liner placed in the well-
bore has an oulside diameter significantly reduced in
size when compared 1o the casing or liner previously in-
stalled. Commonly. after the installation of each casing
or liner. cemenl slurry is pumped downhole and back up
into the space or annulus between the casing or liner
and the wall of the wellbore. in an amount sufficient 1o
fill the space. The cement slurry, upon seltling. stabilizes
the casing or liner in the wellbore. prevents fluid ex-
change between or among lormalion layers through
which the wellbore passes. and prevents gas from rising
up the wellbore.

The use of a series of liners which have sequentiaily
reduced diameters is derived from long experience and
is aimed al avoiding problems at the time of insertion of
casing or liner instaflation in the wellbore. The number
of liners or casings required to reach a given target lo-
cation is delemined principally by the propenties of tha
formations penelrated and by the pressures of the fluids
contained in the formations. Il the driller encounters an
extended series of high pressure/low pressure configu-
rations, the number of liners required under such cir-
cumslancas may be such that the well cannot uselully
be completed because of the continued reduction of the
liner diameters required. Again. a furthes problem of the
standard well liner configuration is that large volumes of
cutlings are produced initialty, and heavy logistics are
required during early phases of drilling.

While several approaches to the resolution of these
problems have been attempted, none have proven to-
tally satisfactory. Accordingly, there has exisled a need
for a well lining and cemanting lechnique or procedure,
and means to carry it out. which would eliminate or sig-
nificanily reduce the degree of diameter reduction re-
quiredwhen a series of well liners must be inserted. The
invention addresses this need.

There is thus provided, in one embodiment, a meth-
od or process. useful in cermnenting a well. especially a
hydrocarbon well. which is characterized by the use of
increased extemal and internal diameter liners. i.e., by
a reduction in the degree of diarneter reduction of the
liners required. and which does not require excessively
large initial conductor casing or surface pipe. Accord-
ingly. in this embodiment. the invention refates to a
method of cementling a wellbore in which a casing or
lirst liner is provided in a wellbore. (As utilized herein.
the tarms "lirst® and “second®. etc. in relation to the cas-
ing or liners mentioned, are relative. itbeing understood
that, after the initial *second” casing or finer is cemented,
it may become a “firsl' liner for the next cemenling op-
aration as such oparalions proceed down the wellbore )
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Further drilling operations are then conducted lo

provide an eniarged wellbore. As used heren. the tesm ~

*enlarged wellbore® reters to a wellbore or borehole hav-
ing a diamater greater than that of the internal diameter
of the preceding lining pipe (as wlilized herein. the term
pipe refers either to a casing or a liner) preferably great-
erthan the external diameter of the preceding pipe. such
a wellbore being provided or drilled in a manner known
1o those skilled in the art, as described more fully here-
inafter. Al a desired depth. or when it is otherwise de-
cided to line and cement the enlarged wellbora. a sec-
ond liner. whose greatest external [oulside) diameter
approximales, i.e.. is only slightly smailer than the inles-
nal diameler of the preceding pipe provided. is then pro-
vided in the enlarged weilbore through the pipe. The
second liner comprises a minor seclion or segrnent ol
significanily or further reduced external and internal di-

- ameter {in relation 1o the remaining or remainder seg-

mant of the second liner) and is composed, at least in
said minor section. of a deformable liner material. Ac-
cording to the invention. the second finer is positioned
in relation 10 the enlarged wellbore so that the section
of reduced external diameter is located or positioned in

the lower portion of the casing or first liner and the re-.

mainder segment below the lower portion, in such man-
ner that fluid may circulate Ireely. i.e.. without substantial
or significant impediment, in the annuli formed by the
second liner and the enlarged wellbore and the internal
wall of the lining pipe.

Inside the bara of the larger remaining or ramainder
segment of the second liner there is dispesed or provid-
ed, as mora tully described hereinatter. a movable. fluid
tight die member of appropriate dimensions, preferably
positioned in the second liner distant from tho botiom of

the remainder segment and proximate the minor section.

ol reduced external and internal diameler, and which,
alter initial positioning or instafiation in the entarged
well-bore, is fixed in refation to said wellbore. As utilized
herein. the phrase "fluid light”, in relerence 1o the die
membaer. is undersicod to indicate that the die member
is appropriately sized and shaped and contains appro-
priale sealing means 1o prevent significant passage of
fluid. aven under substantial pressure, as deacribed
herainafter, past its periphery or circumference which is
contiguous to the intarior wall or bore of the remainder
segment of the second liner. Tha fluid tight die member,
including the sealing means, is further a component or
element of the novel die-expansicn assembly of the in-
vention which comprises means for transmitting a fluid
to the bora of a liner. and means for connecting the die
member to a driflstring. The latter means are important
in positioning the nove! liner-die assembly in the en-
larged wellbore inilially, as described more fully herein-
after, and in responding to applied fluid pressure. As uti-
lized herein, the term “drillslring” is understood 1o in-
clude tool members or collars, eic., nommally utilized in
wellbore operations. In the spacific context ol the inven-
tion. the die-expansion assembly comprises means for

B
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transmitting a fluid to the bore of the remainder segment
of the second liner, to the end that a fluid under signifi-
cant pressure may be applied to the bore of the remain-
der segment of the second finer. and turther comprises
means for connecting the die member to a drillsiring,
According to the method of the invention. upon
proper positioning of the finer-ie assembly of the inven-
tion in the wellbore, cement slurry is then pumped down
the drilistring through the casing or first iner anc the sec-
ond liner (via the means for transmitting a fluid) and into
the eniarged wellbore annulus in an amount sufficient
to cement tha wellbore annulus. After the cement is in
place. the botiom or bottom end of the second liner is
sealed, by standard techniques known 1o those skilled

_in the ant. to prevent egress of fluid from the liner, As

utilized herein. reference o the "bottom” or "bottom end”

of the liner is lo be construed as relerring to a site down-

hote on or in the liner rather than as a precise location
of the liner body. The sealing of the boltom end of the
linar. coupled with the seal provided by the fluid Light die
member. provides or constitules. assuming a location of
the die member removed or distant from the bottom of
the finer. and. with the exception of communication with
the aforemenlioned means for transmiiling a fluid. a
sealed compartmanl of recass in the bore of the remain-
der segment of the second liner. Subsiantial fluid pres-
sure is then applied lo the interior of this sealed remain-
der segment recass by pumping a fluid. e.qg.. a wellbore
fluid such as a driling fluid or a spacer fluid. through said
means lor transmitting a fluid which communicates with
the compartmen or recess. As fluid under pressure is
introduced into the otherwise sealed recess. the in-
creasing pressura therein tends to force the fluid tight

'kdie member up the second liner bore. According lo the
.invention, as fluild pressure is increased in the sealed

recess, the position of the dia-expansion assembly, in-
cluging the die member. is mechanically adjusted or al-
lowed to adjust by translalion upward in the liner (and

. .the weil-bore}. The rate of upward adjustment or move-
ment of the die-expansion assembly by upward move- .

ment of the running string and the application of pras-

.sure lo the second liner bore recess are correlated so

as lo produce movement of the die member up through
the section of reduced diameter with concurrent gradual
deformation and expansion of the section of reduced di-
ameter, providing an expanded section or segment hay-
ing an externaldiameter equal to or approximaling, prel-
erably slightly greater or larger than thal of the remain-
der segment of the second liner, as described more fully
hereinafter. The expansion of the section provides an
extamnal diameter for the seclion which mora closely ap-
proximates the internal diameter of the casing or first

_liner. while providing a larger flow passage intemally for

production fluids. Continued application of fluid pres-
sure and correlated upward translation or adjusiment of
the position of the die-expansion assembly frees the die
member from the second liner. the second liner then be-
ing positioned or allowed lo remain with a substantial

20

35

45

50

55

minor portion of tha newly expanded segment in ihe cas-
ing or lirst liner. The cement slurry in the wellbora annu-
lus is then allowed to set.

In yet further embodiments. the invention relates to

a novel liner. which may addilionally include expansion
means therein: to an apparalus or toc! lor expansion of
a liner having a reduced diameler section; and toa novel
linar-die assembly or cornbination which is useful in ce-
menting operations. More parlicularly, the liner of the in-

vention comprises a wellbore liner having a minor sec-

tion of reduced exlernal and intarnal diameter com-
posed of a deformable material and a larger remainder
section of increased external and internal diameter. The
expansion device or apparatus ol the nvention compris-
as unique ffuid tight die means adapted lor expansion
ol a liner section of reduced internal and externai diam-

eter. and preferably comprises a means tor transmilling -
. alluid. e.g.. a pipe: a die member adapted lor expand-

ing. at least substantially uniformly. the bore of a liner.
on the periphery of said pipe: and sealing means posi-
tioned on the periphery ol the die member agapted to
provide a fluid light seal between the bore of a liner and
said die member, In the preferred arrangement. the pipe
is provided at one end thereol with means for connecting
the pipe te. or lor suspending the pipe from. a drillstring.
and is further preferably provided at the opposile end
thereo! with means tor suspending a tool. preferably
components used in cementing operations. and. espe-

cially. in one aspect of the invention, means to assistin

sealing tha end of the liner distant lrom said opposite
end of the pipea.

The invention further ralates to a novel liner-die as-
sembly. In this aspect. the invention comprises the novel

wellbore liner in which there is disposed the die-expan- .

sion assembly of the invention, as described. the as-

sembly being disposed in said liner with the longitudinal -

axis of the means lor transmitting fluid. or pipe, coinci-
denl with the axis of the liner and the fluid tight die mem-
ber positioned in tha rernainder sagment of the liner.

Brief Description of the Drawing

* Figure 1 illustrales schematically the prior an prac- -

lice of 1elescoping liner sections.

* Figure 2 iflustrates schemalically a liner and linet.

assembly according to the invention.

* Figures 3and 4 illusirate sectional views ol liner ex- .

pansion tools according to the invention.

¢ Figures 5 through 7 illustrate schematically the pipe .

expansion method or process of the invention.

For a luller undersianding of the invention, refer-

ence is made 1o the drawing, Accordingly, in Figure 1
there is shown a wali string 1 extending lo the earth sur-

face 2 and to conductor pipe or casing 3. Conductor pipe -

3is positioned in the portion 4a.ol wallbore 4, whils pipe
5 is in reduced diameler seclion 4b of the same well-
bore. The wellbore forms segmented annulus 6 with
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pipes 3 and 5. the width of the annulus segments being
the same or approximately the sama. A turther raduced
diameter section 9 is illustrated. As indicated. standard
cementing cperations provide a cemented annulus
which stabilizes the wellbore. but the effective diameter
of the conducting passage is progressively and substan-
tially reduced as the well is deepenad.

Figure 2 illustrates an important aspect of the inven-
tion. Accordingly, in Figure 2 there is shown a liner-die
assambly designated generally as 10. The assembly in-
cludes the liner component 11 which, as shown. com-
prises a liner head section 12 which includes a section
of reduced extemal and internal diarneler coupled 1o a
main body portion cor remainder segment 13. In a prac-
lical case, the external diamster of the section of re-
duced external and intemal diameter may be reduced
trom that of the remainder segment on the ordar of two
inches or so. with a correspond-ing decrease in the in-
temal diameter of the reduced diameter section. As will
be undersiood by those skifled in the anl. a "liner” or
"casing” will be-.composed of segments or sections as-
sembled and coupted by suitable means. such as by
threading. In the present invention. the section of re-
" duced external and internal diameter 12 may be formed
in ona or composed of more than one secticn of liner. it
being recognized that the remainder section or segment
will normally comprise many sections (30 ft.) to the end
or boltomn end thereof, Haad section 12. which compris-
es a deformable material, preferably is connected 1o the
main sagment of the liner 13 by appropriate threading
of the lwo segments. Alternately. not shown. the head
sectionanda portion of the remainder or main body seg-
ment imay be af integral construction. An elastic or com-
pressible sieeve (e.g.. rubber) or sleaves 12a may be
provided on haad section 12 for stability and sealing. A
preferred fluid tight die assembly. indicated generally as
14, and described more fully hereinafter. is provided.
The prelerred assembly 14 includes suitable mounting
means or ¢onnecting means, such as a threaded con-
nection 15, for connecting to a running string or other
tool, and may be provided with threads or cther suitable
connecling means to connect to other tools, e.9.. ce-
menting operation components. indicated generally at
1B, such as wiper plug launching apparatus. Liner seg-
ment 13 is provided with sultable partial sealing means
17. such as a differsntial fill-up collar, at or near the end
ol the liner opposile the suspending or connecting
means, 1o allow ingress of fluid into the liner during in-
sertion thereo! in the enlarged wallbore, seal the liner
from ingress of fluid from the weltbore after its insertion.
and prevent egress ol fiuid from the bore of segment 13
{as described more ully hereinafier). As will be evident
" tothose skilled in the art, a portion ol the liner conlaining
the die assembly may svitably be lowered into a well-
bore as a unil, to the purpose that, upon completion of
the cementing and deforming technique described more
fully hereinafter, a sutable cemenled liner combinalion
of genuine advantage is provided

1o
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Figure 3 illustrates the simplest form of the die
mamber assembly. Accordingly. there is shown a die
member 20 ol suitable shape and composition. such as
hardened steel. and acapted or sized and shaped to ex-
pand a liner section of reducad diameter. Other suitable
die lorming materials are well known. and the particular
die member material utilized is a matter of choice. In the
illustration. the die member 20 comprises enlarged sec-
tions of variable diameter and is ol generaily frustocon-.
ical shape provided with suitable beveling in the seg-
ment of the die member where shaping of the liner sec-
tion will be initiated. although other deforming shapes of
the die member may be provided. In each application ol
the invention. the die member will be shaped or de--
signed to provide an at least substantally uniform ex-
panded or deformed liner segment of circular or approx-
imately circular periphery. the dis structure being select-

- edto provide a periphery of the deformed and expanded

segment equal to or approximaling {[slightly targer or
less than) the periphery of the remainder segment of the
liner. As will be recognized by those skilled in the art.
die structures are known. for example. which will deform
the reduced diameter segment (o provide an expanded,
internal periphery slightly larger than that of the die. This:
aspect of the invention is preterred. since there s tha -
possibility ol a virtual lorce fit of the expanded section
in-the casing or upper liner.

in this illustration. the die member 20 furthar com-
prises a fluidtight seal 21. as previously described. such
as a polymer cupseal. for seaiing the die in a liner and
allowing sufticient fluid pressure, as described herein-
after. 10 produce movement of the die member. The par-
licular sealing material may be selected by those skilled
in the an. a wide variely of sealing materiais being suil- -
able. For axampla. rubber or neoprena may also be uli-
lized. The die member is provided with a bota or maans
22 for transmitting a fluid in its center. and the bore ter-
minates at both ends thereo! with or in connecting
means. Thus, threads are provided at 23 and 24 tor con-
necting the die member to a running siring or a tool, and
suspending and/or posilioning components, respective-
ly.

A preferred embodiment of the die assembly is ik
lustrated in greater detail in Figure 4. The die assembly-
shown comprises a pipe or generally tubular body 25
having threaded connacting means or sagments 26 and
27 (box and pin) for connecling to a running string and
suspending a {ool or suitable cementing components in
a liner, respectively. A die member 28 is provided on
pipe 25 and is preferably of integral construction there-
with, being of suitable shape and composilion, as de-
scribed with respect o Figure 3, and adapted or sized
and shaped in a similar manner lo expanda liner section .
such as liner section 12. The connecting means, in
whatever form employed. e.g.. as also shown in Figure
3. thus enables the positioning or adjustment ol the po-
sition of the die member in a liner by movement. for ex-
ample. of a drillstring attached thereto. If not of intagrat
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conslruction. die member 23 may be mounted on pipe
25 by suitable mounling means (not shown). tn 3 man-
ner simifar to the embodiment of Figure 3, the die mem-
ber 28 comprises enlarged sections of vanable diameter
and is of gensrally {rustoconical shape provided with
suitable beveling in the segment of the die member
where shaping of the linar section 12 will be initiated,
although other deforming shapes of the die member
may be provided. The die member 28 further comprises
a fluid tight seal 29, as previously described.

The procedure of the invenlion and operation of tha
liner 10 assembly and die assembly 14 are understood

- more lully by raference to schemalic Figures 5through

7. Eiements previously described with respect to Fig-
ures 1 through 4 are referrad to by identical numbers.
Accordingly. in Figure 5 the liner assembly is provided
in a wellbore 30. such as an oil or gas well bore. and
positioned in relation 1o cemented casing 31. as shown.
Wellbore 30 has a diameter greater than the axternal
diameter of casing 31. such wellbores being obtainable

.. by use of a bi-center bit, under-reamer bit. or simitar tool

known to those skilled in the art. The extemal diameler

of liner segment 13is preferably slightly smallerthanthe
..imarnal diameler of casing 31. being just sufficiently

smaller 1o allow lawering thereof through casing 31. The
liner assembly is positioned in the enlarged wellbore. as
shown, so thal fluids. e.g.. drilling mud or cement sturry.
may be passed down the string 1 and via the pipe or
bore 25 into the liner segment 13 or suitable tools or

. structurs therein. described more fully hersinafter, out
- of the liner segment 13, and into the wellbore annulus
- 32. and through the annuius segment 33. which is

formed by the external wall of section 12 and the lower
portion of casing 31. Liner section 12 is lormed. as men-
tioned, of a deformable liner material. such as a metal,
e.g., steei or other alloy. which is suitable for liner duty.
As used horein. the term *deformable” is understood in
its common sense as indicating a capacity for shapihg
or expansion by suitable application of mechanical pres-
sure. The fiuid light die assembly is positioned or dis-
posed in tha liner so that the longitudinal axes of the
pipe and the liner are coincident. Pipe 25 may bae of var-
iable length and may or may not extend from liner 11.

- As will be svident to those skilled in the an, tha invention

is particularly adapted to use of liners of decreased wall
thickness.

. As praviously mentioned. liner segment 13 is pro-
vided with suilable structure 17, at or near the end of the
remainder segment ol the liner, disposed from the die
assembly, to allow ingress of fiuid Irom the wallbors.
such as a displacement fluid, during insertion of the liner,
and sealing of the liner from ingress of cement slurry
after cementing. In the usual case, a differential fill-up
collar will be employed at or near the bottom of the liner
to preven! wellbore fluids from entering the liner. and
any suitable such collar or similar device may ba em-
ployed A variety of such devices ara dascribed in Well
Cementing. edited by E 1. Nelson. Schiumberger Edu-
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cational Services (1990), and the selection of a particu-
tar device is well within the ambit of those skilled in the
arl. Additionally. in order to seal the boltom of the liner
after the cernent has been placed in the welibore annu-
lus. as more fully described hereinalter. suitable sealing
means, known to those skilled in the art. may be provid-
ed to prevent egress of fluid from the liner. Preferably.
a wiper plug systern is employed. to the effect that a fluid
tight seal is lormed at the end of the liner distant from
the assembly. or the bottemn of the liner.

fn the position shown in Figure 5. the liner assembly
is especially adapled {o a cementing operation. and
hanger elements are not raquired since the liner assem-
bly may be supported by the slring 1. More parnticularly.
loliowing standard cementing procedures. cement slur-
ry may be purmped downhole through the string 1 and
through liner 11 via pipe 25 in the dia assembly. through .
flow distributor 16. which may be that of the aloremsn- -
tioned wiper plug launching system. and out the botlom
of the liner through open sealing means 17. The cement
slurry displaces drilling fluid andror a suitable spacer flu-
id between the cement slurry and the drilling fluid in the
wellbore annulus, the drilling fluid and/or spacer fluid
passing lrom annulus 32 inte annulus 33 in casing 31 -
without substantial impediment. The advantage of the
reduced cross section of segment 12. which permits
fiow of fluids out of the wellbore. is demonstrated at this
juncture. Without such feature. the ultimate goal of a..
wider cross section for production fluids cannot be
achieved because of the requirement for removal of flu-
ids trom the borshole annulus. Sufficient cement slurry
is employed 1o fill the annulus 32. The invention now
provides lorexpansion of saction 12 1o provide loralarg-
er diameter cross seclion corresponding to thal of sec--
tion 13. :

As shown in Figure 6. sealing means 17 (schemal-
ically shown) at the bottom of linar saction 13 is sealed
to the ingress and egress of fluid. In the normal case. a
wiper plug, which is solid, is sent downhole, after suffi-
cient cement slurry hae been sent into annulus 32, to
seal. with the differential fillup collar, the bottom of liner.
to egrass of fluid. Fluid pressure is then applied to the
bora of the liner segment 13 by pumping a fluid through
the pipa 25 into the bore of liner 13. Any suitabla wail-
bore fluid or liquid available may be used. e.g.. a dis-
placement fluid, a complation fluid, water, or sea water. .
The fluid is pumped at sufficient pressure. e.g., 3000
psi . through pipe 25 to provide upward movement of die
member 28 if the member is freed lor movernent. To this
end, the position of the dia assembly (including die
member 28) is adjusted or allowed to adjust upward by
gradual upward movement of the running string 1. Ad-
justment ol the drillstring length is made al a rate suffi-
cient 1o move the die member upward or allow upward
movernent thareol, caused by the pressure on the die.
at a controlled rate, in response lo such continued sul-
ficient application of fluid pressure. the continuved appii-
cation of sulliciem. pressure being indicated by change
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in drillstring weight. As continuing sufficient fivid pres-
sure moves die member 28 upward. its movemenl caus-
es the die member 28 lo'expand and shape the deform-
able liner section 12 so that the section diameter and
radial cross section thereof equals or approximates the
diameter and radial cross section of the lower section
13. Further application of fluid pressure in the bore of
liner | | with continued adjustment of the position of die
member 28 will free the die 28 from the liner 11, as
shown in Figure 7. The result of the deformation opera-
tion is the provision of an upper segment 12 of the liner
11 which now correspends in size to that of lower seg-
ment 13.

The cament is then allowed to set, producing a sta-

‘bilized wellbore with increased flow capability over con-

ventional liner sequence technique!

While the invention has been described with refer-
enca 1o specific embodiments. it is understood that var-
ious modifications and embodimentis will be suggested
to those skilled in the ant upon reading and undarstand-

ing this disclosure. Accordingly. it-is intended that all

such modifications and embodiments ba included within
the invention'and that thé scope of the invention be fim-
ited only by the appended claims. :

Claims
1. A'method of cementing a wallbore comprising

« _providing a lining pipe in & wellbore and drilling
' '_:a further segmant of enlarged wellbore;
«  providing in the enlarged weilbore, through the
" pipe. aliner of smaller external diameter com-
_prising a minor section of further reduced ax-
temal and intemal'diameter composed of a de-
tormabla liner material, and a remainder seg-
" ment having an external diameter approximat-
'ing the internal diameter of the pipe. containing
_a movable fluid tight die member in tha boro
““therecl al a location in the bore distant from the
_bottom end of said remainder segment, the lin-
er lurther comprising means for transmitting a
" fiuid to the bore of the remainder segrment be-
" low tha fluid tight die member, through the fluid
tight die member. the section of reduced exter-
. nal and internal diameter being positioned in
“ tha lowar portion of sald pipa in such mannar.
' and the remainder segment of the liner below
the lower portion of the pipe in the enlarged
wellbore, so that fluid may circulate wilhout
substantial impediment in the communicating
annuli formed by said liner and the enlarged
wallbore and pipe;
* pumping a cement slurry' down the pipe and
through the liner. andinto the enlarged wellbore
" annulus in an amount sufficient 1o cement said
wellbore annulus:
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+ sealing the bottom of the remainder segment of
the liner to the egress of Huid:

* transmitting a fuid to and applying sufficient llu- ~

id pressure to the bore of the remainder seg-
ment of the liner below the fluid tight die mem-
ber to move the dia member up the liner and
expand said minor seclion. and

+  allowing said fluid tight die member to move up
the wellbore to provide an external diameter of
the minor section equalto or approximating that
of the remainder segment of the liner:

« and remaoving the fluid tight die member frem °
the expanded minor section and allowing the -

cament o set.

The method of coementing a wellbore according to
claim 1 wherein the liner is connected to a drilistring
and the fluid tight die member 1s moved up the wall-
bore in response to continued sufficient fluid pres-

sure by adjusting the position of the dniflstring up- -

ward.

A wellbore liner comprising a section of reduced ax-

ternal and internal diameter composed of a deform-
able liner material and a larger remainder segment
of increased external and inlemnal diameter. and a

fluid tight die member dispased in ihe bore of the

remainder segment.

The liner of claim 5 lurther comprising at least one

sleave composed of a compressible material
mounted on the periphery of the section of reduced
external and internal diameter.

The liner of claim 6 in which the compressible ma-
terial is rubber,

A die assembly (14) comprising a die member (20,
28) adapted for expanding, at least substantially
uniformly, the bore of a liner: seaﬂng means (21)
positioned on the periphery of said dis member
adapted 1o provide a fluid tight seal belween the
bore of a liner and said die member (20, 28) : means
{22) for rransmitting a fluid through the die member
{20. 28} : means (15. 23 :26) for connecting the ap-
paratus to a running string.

The die assembly {14) further comprising means
{16, 24. 27) for suspanding a lool trom the appara-
tus.

The die assembly of claim 8 or 9 wherein the die
member (28) is positioned at the periphary of a pipa
{25). :

Aliner/die assembly con}prising a liner according o

any of claims S te 7 and a die assembly according

lo any of claims 8 to 12. wherein the longitudinally
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axis of the die assembly is disposed coincident with
the axis of the liner
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(57) A method of cementing a well parmitting a ra-
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